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(57) ABSTRACT

For manufacturing a long-wavelength semiconductor light
emitting device having excellent characteristics and long
lifetime, a highly reactive gas 1s supplied together with a
source material of As while the supply of a source material
of a group III element 1s imterrupted during the growth of a
layer (GaAs optical guide layer) anteriorly adjacent to the
active layer or immediately before the growth of the active
layer. The highly reactive gas may be di-methyl hydrazine or
ammonia (NH;), for example.
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Fig. 3
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LONG-WAVELENGTH SEMICONDUCTOR
LIGHT EMITTING DEVICE AND ITS
MANUFACTURING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a long-wavelength semi-
conductor light emitting device and 1ts manufacturing
method, and more particularly to those using GalnNAs-
system semiconductors (simply called GalnNAs semicon-
ductors hereinbelow) as maternials of the active layer.

2. Description of the Related Art

Long-wavelength semiconductor light emitting devices
using GalnNAs semiconductors as materials of the active
layers can cover the emission wavelength region from 1.3 to
1.55 um depending upon the mixing ratio of In and N 1n
GalnNAs, and can be realized by using inexpensive GaAs
substrates Furthermore, these GalnlNAs long-wavelength
semiconductor light emitting devices permit large difiraction
index differences An among layers of materials in lattice
matching with substrates. Therefore, these materials make it
possible to fabricate excellent distributed Bragg retlectors
(DBR), and there has been a movement toward their appli-
cations to vertical cavity surface emitting lasers (VCSEL),
which are hopeful as a form of optical communication
lasers. Therefore, these GalnNAs long-wavelength semicon-
ductor light emitting devices have been remarked for vears
as the next-generation optical communication semiconduc-
tor lasers substituting expensive GalnAsP long-wavelength
semiconductor light emitting devices using InP substrates.

When a GalnNAs well layer 1s formed on an AlGaAs
layer by metal organic chemical vapor deposition
(MOCVD), the GalnNAs well layer catches Al therein by
approxima‘[ely 0.1% even though tri-methyl aluminum
(TMA) 1s not supplied intentionally during 1ts growth, and
this aluminum adversely aflects the static characteristics of
the GalnNAs semiconductor laser. However, 1t has been
reported that a GaInNAs well layer grown on a GaAs layer
will not take Al therein (Photonics West 2003 Session No.

49935-08, herein below referred to as Non-patent Literature
1).

Additionally, there are some other proposals about tech-
niques for manufacturing GalnNAs semiconductor lasers by
the use of GaNAs layers as barrier layers of active layers
(Japanese Patent Laid-open Publication No. JP-HI10-
145003-A, referred to as Patent Literature 1; Photonics West
2003 Session No. 4994-18, referred to as Non-patent Lit-
erature 2; and Photonics West 2003 Session No. 4994-33,
referred to as Non-patent Literature 3).

In the above-mtroduced GalnlNAs long-wavelength semi-
conductor light emitting devices, an AlGaAs layer 1n lattice
matching with GaAs as 1ts substrate 1s used as a clad layer.
However, during the growth of the AlGaAs layer, tri-methyl
aluminum or tri-ethyl aluminum (TEA) used as the source
maternial of Al reacts in vapor phase with di-methyl hydra-
zine (DMHy) used as the source material of N, and produces
reaction products (adducts). The Inventors confirmed by
observation using a transmission electron microscope that
the products of the vapor phase reaction produced during
growth of the AlGaAs layer as a barrier layer of the active
layer, for example, degrades the sharpness of the interface
with the active layer.

Furthermore, the Inventors prepared a trial GalnNAs
long-wavelength semiconductor laser and analyzed it by
secondary 1on mass spectroscopy (SIMS). As a result, they
found a large amount of Al 1n portions of well layers and
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barrier layers even when any Al source material 1s not
supplied intentionally into the reaction vessel during the
growth of peripheral layers of the active layer (well layers,
barrier layers and guide layers). Although the Inventors are
not sure how the layers catch Al, they can presume that
exposure of the substrate to an atmosphere containing a
mixture of Al or its source material and an N source material
invites the intrusion of Al and will cause a quality degra-
dation of the active layer. This 1s a serious problem. A report
ol a research institute (Agilent Technologies) also remarks
this 1ssue of Al as mviting serious adverse influences to the
static characteristics of GalnNAs semiconductor lasers
(Non-patent Literature 1).

To overcome this problem, AGILENT proposes to first
grow an n-type clad layer; then remove the substrate out of
the reaction vessel of the growth apparatus; next clean the
interior of the reaction vessel; and thereafter resume the
growth of the active layer (Non-patent Literature 1). Taking
account of defects departing from the interface of the layer
grown after interruption of the growth, which will adversely
allect the reliability, as well as an increase of the manufac-
turing cost by the need of the double-step growth, a new
technique 1s 1nvoked, which can prevent intake of the Al
impurity i one step ol crystal growth. In addition, for
realization of practical GalnNAs long-wavelength semicon-
ductor lasers, 1t remains unclear whether or not the Al
impurity has to be removed completely from the active layer.

OBJECTS AND SUMMARY OF THE
INVENTION

It 1s therefore an object of the present invention to provide
a long-wavelength semiconductor light emitting device hav-
ing excellent characteristics and a long lifetime, as well as
its manufacturing method, with which an active layer of a
good quality can be obtained because of a sufliciently low
concentration of Al impurity 1n the active layer.

The Inventors made vigorous researches to accomplish
the above-mentioned object as abstracted below.

As a technique for solving the problems in the prior
techniques, the Inventors have found that the concentration
of Al impurity contained 1n the active layer can be reduced
to 1x10" cm™ if the supply of the source material of a group
III element 1s mterrupted during the growth of a layer (such
as an optical guide layer) anteriorly adjacent to the active
layer of a GalnNAs long-wavelength semiconductor light
emitting device or immediately before the start of growth of
the active layer, and a highly reactive gas such as DMHy 1s
supplied together with a source material of As used as a
group V eclement. The Inventors also found that the Al
impurity concentration reduced to this level ensures char-
acteristics acceptable for practical use. This technique 1is
completely different from techniques of Patent Literature 1
and Non-patent Literatures 2 and 3.

FIG. 1 shows correlation between the peak concentration
of Al impurity in the GalnNAs active layer obtained by bar
check and the slope efliciency. FIG. 2 shows correlation
between the characteristic temperature measured after
assembly of the laser and the peak concentration of Al
impurity in the GalnNAs active layer. FIG. 3 shows corre-
lation the emission intensity (peak itensity) from the Galn-
NAs active layer obtained by photoluminescence (PL) mea-
surement and the peak concentration of Al impurity 1n the
GalnNAs active layer. Note that the reflectance of the front
edge of the laser 1s 50% and the reflectance of the rear edge
1s 95%. It 1s appreciated from FIGS. 1, 2 and 3 that, under
the Al impurity concentration equal to or lower than 1x10"”
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cm_g’, the slope efliciency 1s approximately equal to or higher than 0.25, and
the characteristic temperature 1s equal to or higher than 150K, which are
practically acceptable levels, and that the emission intensity i1s enhanced as
well. It 1s also appreciated that, under the Al impunty concentration lower
than or equal to 5%10!® om™3, laser characteristics of a significantly high
quality, with the slope efficiency equal to or higher than 0.4 and the

characteristic temperature exceeding 200K, can be obtained.

The present invention has been made based on these
researches.

According to the first aspect of the mmvention, there 1s
provided a long-wavelength semiconductor light emitting
device using Ga,_In N As, . Sb_(0<x<l, O<y<l, 0=z<1)
as an active layer thereol, characterized in that the peak
concentration of Al impurity contained 1n the active layer 1s
lower than or equal to 1x10'” cm™.

The peak concentration of Al impurity contained in the
active layer is preferably lower than or equal to 5x10"° cm ™.
The active layer typically has a single-quantum-well struc-
ture or multi-quantum-well structure 1n which the well layer
or layers are made of Ga, In N As, Sb , and the peak
concentration of Al impurity contained 1n the well layer or
layers 1s lower than or equal to 1x10,, cm_,, or more
preferably lower than or equal to 5x10,, cm_;.

According to the second aspect of the invention, there 1s
provided a manufacturing method of a long-wavelength
semiconductor light emitting device using Ga,_ In, N As,
Sb_ (O<x<1, O<y<l1, 0=z<1) as an active layer thereof and
having a peak concentration of Al impurity contained 1n the
active layer, which 1s controlled to be lower than or equal to
1x10 ' cm™, comprising:

supplying a highly reactive gas together with a source
material of As while the supply of a source material of a
group 111 element 1s mterrupted during the growth of a layer
anteriorly adjacent to the active layer or immediately before
the growth of the active layer.

As the highly reactive gas, here are usable, for example,
nitrogen (IN) radicals produced by plasma decomposition of
di-methyl hydrazine (DMHy), ammonia (NH,) or nitrogen
(N, ). As the source material of As, arsine (AsH;) or tertiary-
butyl arsine (TBAS), for example, may be used. The layer
immediately preceding the active layer 1s typically an optical
guide layer. Conditions for the supply of the highly reactive
gas may depend on the form of the reaction furnace used. In
general, however, 11 the flow rate 1s too low, the supply of the
gas 1s not so eflective. If the tlow rate 1s too high, 1t increases
the possibility of undesirably etching the growth layer on the
substrate. If the flow time 1s too short, the supply of the gas
1s not so eflective. If the flow time 1s too long, 1t increases
the possibility of undesirably etching the growth layer on the
substrate. Considering these factors, the gas 1s preferably
supplied at a flow rate from 200 sccm to 4 slm for a length
of time from one minute to 30 minutes.

Not only during the growth of the layer anteriorly adja-
cent to the active layer or immediately before the start of
growth of the active layer but also during the growth of the
layer posteriorly adjacent to the active layer or immediately
alter the growth of the active layer, the supply of the source
material of the group III element may be interrupted and the
highly reactive gas may be supplied together with the source
material of the group V element. This 1s eflective for
cleaning the surface of the reaction chamber or reaction
vessel.

According to the first aspect of the mnvention, having the
above summarized configuration, the peak concentration of
Al impurity contained 1n the active layer, which 1s equal to
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or lower than 1x10'” cm™, contributes to prevention of the
problem caused by the existence of Al impurity 1n the active
layer, especially 1n 1ts well layers.

According to the second aspect of the invention, since the
highly reactive gas 1s supplied together with the source
material of As during the growth of the layer immediately
preceding the active layer or immediately before the growth
of the active layer while the supply of the source material of
the group III element 1s mterrupted, etching function of the
highly reactive gas serves to remove the group III element
or products of vapor phase reaction including the group III
element, which adhere on the surface of the reaction cham-
ber or reaction vessel of the growth apparatus during the
preceding growth. In addition, since the supply of the source
maternial of the group III element i1s interrupted in this
process, the group 11l element or reaction products contain-
ing the group III element do not adhere additionally.

According to the present invention, 1t 1s possible to obtain
a long-wavelength semiconductor light emitting device
enhanced in emission intensity and slope efliciency, and
having a high characteristic temperature and a long lifetime.

The above and other objects and features of the present
invention will become apparent from the following detailed
description and the appended claims with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing correlation
between the peak concentration of Al impurity in a GalnNAs
active layer and the slope efliciency;

FIG. 2 1s a schematic diagram showing correlation
between the peak concentration of Al impurity 1n the Galn-
NAs active layer and the characteristic temperature;

FIG. 3 1s a schematic diagram showing correlation
between the peak concentration of Al impurity 1n the Galn-
NAs active layer and the peak intensity of emission spec-
{rum;

FIG. 4 1s a cross-sectional view of a GalnNAs long-
wavelength semiconductor laser according to the first
embodiment of the invention;

FIG. § 1s a schematic diagram showing the energy band
structure of the substantial part of the GalnNAs long-
wavelength semiconductor laser according to the first
embodiment of the invention; and

FIG. 6 1s a cross-sectional view of a GalnNAs long-
wavelength semiconductor laser according to the second
embodiment of the invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Some embodiments of the present invention will now be
explained below with reference to the drawings. In all
figures showing embodiments of the invention, 1dentical or
equivalent portions are labeled with common reference
numerals.

First explained 1s a GalnNAs long-wavelength semicon-
ductor laser according to the first embodiment of the inven-
tion. The GalnNAs long-wavelength semiconductor laser
shown here has a SCH (Separate Confinement Heterostruc-
ture) structure and a rnidge structure. FIG. 4 shows this
GalnNAs long-wavelength semiconductor laser.

As shown i FIG. 4, in the GalnNAs long-wavelength

semiconductor laser, an n-type clad layer 2, undoped or
n-type GaAs optical guide layer 3, active layer 4, undoped
or p-type GaAs optical guide layer 5, first p-type clad layer
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6, p-type GaAs stop layer 7, second p-type clad layer 8 and
p-type GaAs contact layer 9 are sequentially stacked on an
n-type GaAs substrate 1 having a major surface inclining by
10° from the (100) plane toward the [110] direction, for
example.

The n-type clad layer 2 has a structure sequentially
depositing an n-type AlGaAs layer (for example, approxi-
mately 1 um thick n-type Al, ;,Ga, -oAs layer) having the
diffraction index of n3, for example, an n-type GaAs layer
(approximately 100 nm thick, for example) having the
diffraction index of n2 and an n-type AlGaAs layer (for
example, approx1mately 200 nm thick n-type Al ,-Ga, s As
layer) having the diflraction index of nl. The GaAs optical
guide layer 3 1s approximately 100 nm thick. The active
layer 4 has a multi-quantum-well (MQW) structure includ-
ing Ga, . In N As,_ layers (O<x<l, O<y<l1) as its well layers
and Ga,_, In As layers (O<w<x) as its barrier layers, and x
and y are determined depending upon the emission wave-
length. The active layer 4 1s characterized in that the peak
concentration of Al impurity in the Ga,;_In_ NyAsl . well
layers is lower than or equal to 1x10'” c¢cm™, or more
preferably lower than or equal to 5x10'® cm™. FIG. 5 shows
an exemplary structure of the active layer 4 including two
well layers and a Ga,_, In As layer in which w 1s zero. In
FIG. 5, E_ represents the bottom energy of the conduction
band, and E_ 1s the top energy of the valence band. Thickness
of the GaAs optical guide layer 3 1s approximately 100 nm
for example. The first p-type clad layer has a structure
sequentially depositing a p-type AlGaAs layer (for example,
approximately 200 nm thick p-type Al,.,-Ga, -3;As layer)
having the diffraction index of nl, for example, an n-type
GaAs layer (approximately 100 nm thick, for example)
having the diffraction index of n2 and an n-type AlGaAs
layer (for example, approximately 1 pum thick n-type
Al, ;,Ga, 5,As layer) having the diffraction index of n3.
Thickness of the p-type GaAs stop layer 7 1s approximately
200 nm, for example. The second p-type clad layer 8 may be
a p-type Al, 5,Ga, -oAs layer having a thickness around 100
nm for example. Thickness of the p-type GaAs contact layer
9 may be 200 nm approximately.

The p-type GaAs stop layer 7, second p-type clad layer 8
and p-type GaAs contact layer 9 have the form of a stripe
extending 1n the cavity length direction. An insulating layer
10 such as a S10, {ilm 1s formed to cover side surfaces of the
stripe portion and the top surface of the first p-type clad layer
6. Since the n-type GaAs substrate 1 1s an inclined substrate,
if the angles of 1inclination of opposite side surfaces of the
stripe portion are

0, and 0,, then 0,<0,.

On the p-type GaAs contact layer 9 and the insulating
layer 10, a p-side electrode 11 such as a T1/Pt/Au electrode
1s formed 1n ohmic contact with the p-type GaAs contact
layer 9. On the bottom surface of the n-type GaAs substrate
1, an n-side electrode such as AuGe/Ni/Au electrode 1s
formed in ohmic contact.

Next explained 1s a manufacturing method of the Galn-
NAs long-wavelength semiconductor laser according to the
first embodiment.

For manufacturing the GalnlNAs long-wavelength semi-
conductor laser, the n-type clad layer 2, GaAs optical guide
layer 3, active layer 4, GaAs optical guide layer 5, first
p-type clad layer 6, p-type GaAs stop layer 7, second p-type
clad layer 8 and p-type GaAs contact layer 9 are first formed
sequentially on the n-type GaAs substrate 1 by MOCVD, for
example. During the growth of the GaAs optical guide layer
3 or immediately before the start of growth of the active
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layer 4, DMHy as a highly reactive gas 1s supplied together
with the source material of As, such as AsH, or TBAs, while
the supply of the source material of the group III element 1s
interrupted such that the DMHy cleans surfaces of the
reaction vessel by 1ts etching function and removes extra-
neous matter such as Al and products of vapor phase reaction
including Al. Therefore, the captured amount of Al during
the growth of the active layer 4 1s reduced significantly, and
the peak concentration of Al impurity in the active layer 4
can be reduced sufficiently low, namely, to or below 1x10"”

2. Furthermore, for the same purpose, DMHy is supplied
together with the source material of As, such as As,; or
TBAs, also during the growth of the GaAs optical guide
layer S5 or immediately after the growth of the active layer 4,
while the supply of the source material of the group III
clement 1s interrupted. In both occurrences, conditions for
supplying DMHy may be chosen to itroduce 1t at the flow
rate of 270 sccm for 12 minutes, or at 380 sccm for 7
minutes, for example.

After that, a S10, film or S1;N,, film 1s formed on the entire
surface of the p-type GaAs contact layer 9 by chemical
vapor deposition (CVD), for example, and 1t 1s next pat-
terned to a stripe-shaped mask (not shown) of a predeter-
mined width by etching. Next using the mask, layers to the
p-type GaAs stop layer 7 are partly removed by wet etching.
As a result, the p-type GaAs atop layer 7, second p-type clad
layer 8 and p-type GaAs contact layer 9 are patterned to a
stripe extending in one direction.

Subsequently, aiter the mask used for the above etching 1s
removed, the insulating layer 10 such as S10, film 1s formed
on the entire surface by CVD, for example. Thereafter, a
resist pattern of a predetermined geometry (not shown) 1s
formed on the msulating layer 10 by lithography. Next using
the resist pattern as a mask, the insulating layer 10 1s partly
removed by etching to expose the p-type GaAs contact layer
9 on the stripe portion.

Thereatter, the p-side electrode 11 1s formed on the entire
surface of the p-type GaAs contact layer 9 and the 1insulating
layer by vacuum evaporation or sputtering, for example, and
the n-side electrode 12 1s formed on the bottom surface of
the n-type GaAs substrate 1.

After that, the n-type GaAs substrate 1, having the laser
structure formed thereon as explained heretofore, 1s divided
and processed 1nto bars by cleavage to expose cavity edges,
and an edge coating 1s formed on these cavity edges. These
bars are next divided to chips by cleavage.

Through the steps explained above, the mtended Galn-
NAs long-wavelength semiconductor laser having the SCH
structure and the ridge structure 1s completed.

As explained above, the first embodiment can improve the
quality of the active layer 4 by reducing the peak concen-
tration of Al impurity in the active layer 4 as low as 1x10"'”
cm™ or even lower. Therefore, it is possible to manufacture
GalnNAs long-wavelength semiconductor lasers enhanced
in slope ethiciency to 0.25 or higher, for example, enhanced
in characteristic temperature to 10 K or even higher, for
example, sufliciently enhanced in emission intensity and
clongated 1n lifetime. Moreover, since the embodiment of
the mvention needs only one step of crystal growth of the
GalnNAs long-wavelength semiconductor laser without an
additional step of growth after interruption required in the
technique proposed by Non-patent Literature 1, the embodi-

ment can reduce the manufacturing cost lower.

Next explained 1s a GalnNAs long-wavelength semicon-
ductor laser according to the second embodiment of the
invention. The GalnNAs long-wavelength semiconductor
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laser shown here 1s of the VCSEL type. FIG. 6 illustrates this
GalnNAs long-wavelength semiconductor laser.

As shown i FIG. 6, the GalnNAs long-wavelength
semiconductor laser includes an n-type DBR layer 13 1n
form of a semiconductor multilayered film, an active layer
4 having a Ga,_In N As, /Ga,_ In As MQW structure, an
AlAs oxide layer 14 and a p-type DBR layer 15 in form of
a semiconductor multi-layered film 15, which all are stacked
sequentially on a (100)-oriented n-type GaAs substrate 1, for
example. The n-type DBR layer 13 and the p-type DBR
layer 15 are each made of multiple AlGaAs layers different
in Al composition, for example. More specifically, they are
made by alternately stacking Al, ,Ga, As layers and
Al, ,Ga, ,As layers, each having the thickness of A/4 (A 1s
the wavelength of light 1n the medium), by 12 to 22 cycles.
The uppermost portion of the n-type DBR layer 13, active
layer 4, AlAs oxide layer 14 and p-type DBR layer 15 are
shaped 1n a cylindrical form, for example. The border of the
top surface of the cylindrical portion, side surface of the
cylindrical portion and the top surface of the n-type DBR
layer 13 are covered by a S10, 1nsulating layer 10. A p-side
clectrode 11 1s formed to extend over the mnsulating film 10
from the top surface of the cylindrical portion, and it 1s 1n
ohmic contact with the p-type DBR layer 15. The p-side
clectrode 11 has formed a light take-out opening 11a above
the center of the top surface of the cylindrical portion. An
n-side electrode 12 1s 1 ohmic contact with the bottom
surface of the n-type GaAs substrate 1.

Next explained 1s a manufacturing method of the Galn-
NAs long-wavelength semiconductor laser according to the
second embodiment.

To manufacture the GalnNAs long-wavelength semicon-
ductor laser, the n-type DBR layer 13, active layer 4, AlAs
oxide layer 14 and p-type DBR layer 15 are first grown
sequentially on the n-type GaAs substrate 1. Similarly to the
first embodiment, immediately before starting the growth of
the active layer 4, the supply of the source material of the
group 111 element 1s interrupted. In this condition, DMHy 1s
supplied together with a source material of As, such as AsH,
or TBAs. Additionally, immediately after the growth of the
active layer 4, the source material of the group III element
1s 1nterrupted, and DMHy 1s supplied together with the
source material of As like AsH, or TBAs. Conditions for the
supply of DMHy may be 1dentical to the conditions of the
first embodiment.

After that, a resist pattern (not shown) of a predetermined
geometry 1s formed on the p-type DBR layer 15, and using
the resist pattern as a mask, layers to the uppermost portion
of the n-type DBR layer 13 are partly removed by etching to
shape them 1n a cylindrical form.

After that, the mnsulating layer 10 1s formed on the entire
substrate surface. A resist pattern (not shown) of a prede-
termined geometry 1s next formed on the mnsulating layer 10,
and using the resist pattern as a mask, the insulating layer 10
1s partly removed by etching to expose the central top
surface of the cylindrical portion. Thereafter, the p-side
electrode 1s formed on the entire substrate surface, and a
resist pattern (not shown) of a predetermined geometry 1s
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next formed on the p-side electrode 11. Using this resist
pattern as a mask, the p-side electrode 11 1s partly removed
by etching to form the light take-out opening 11a. Thereat-
ter, the n-side electrode 12 1s formed on the bottom surface
of the n-type GaAs substrate 1.

Thereatter, the n-type GaAs substrate 1 having formed the
laser structure thereon 1s divided to chips by cleavage, for

example.
Through those steps, the intended VCSEL type GalnNAs

long-wavelength semiconductor laser 1s completed.

The second embodiment ensures the same advantages as
those of the first embodiment.

Having described specific preferred embodiments of the
present invention with reference to the accompanying draw-
ings, 1t 1s to be understood that the mnvention 1s not limited
to those precise embodiments, and that various changes and
modifications may be eflected therein by one skilled 1n the
art without departing from the scope or the spirit of the
invention as defined 1n the appended claims.

For example, numerical values, materials, configurations
and processes specifically shown in the explanation of the
embodiments are not but examples, and any other appropri-
ate numerical values, materials, configurations and pro-
cesses may be used, where necessary.

For example, MOCVD used for growth of semiconduc-
tors 1n the first and second embodiments may be replaced by
molecular beam epitaxy (MBE) or other appropnate tech-
nique.

What 1s claimed 1s:

1. A manufacturing method of a long-wavelength semi-
conductor light emitting device using Ga,_ In, N As,_  Sb,
(O<x<1, O<y<l, 0=z<1) as an active layer thereof and
having a peak concentration of Al impurity contained 1n the
active layer, which 1s controlled to be lower than or equal to
1x10'” cm™, comprising:

supplying a highly reactive gas together with a source

material of As while the supply of a source material of
a group III element 1s iterrupted during the growth of
a layer anteriorly adjacent to the active layer or imme-
diately betfore the growth of the active layer.

2. The manufacturing method of a long-wavelength semi-
conductor light emitting device according to claim 1
wherein the highly reactive gas 1s di-methyl hydrazine,
ammonia or nitrogen radicals.

3. The manufacturing method of a long-wavelength semi-
conductor light emitting device according to claim 1
wherein the source material of As 1s arsine or tertiary-butyl
arsine.

4. The manufacturing method of a long-wavelength semi-
conductor light emitting device according to claim 1
wherein the layer anteriorly adjacent to the active layer 1s an
optical guide layer.

5. The manufacturing method of a long-wavelength semi-
conductor light emitting device according to claim 1
wherein the peak concentration of the Al impurity contained
in the active layer is lower than or equal to 5x10'® cm™.
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